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DETECTION METHOD AND DETECTION
DEVICE OF BURIED METAL

FIELD OF THE INVENTION

This invention relates to the detection method and detec-
tion device of buried metal for detecting the metal which has
a certain amount of length and conductivity of the metal tube
or the cable, etc. currently buried 1n the ground and into the
concrete of building.

Especially this invention relates to the detection method
and detection device of buried metal which can detect the
metal having a singular point which 1s crooked horizontally
and vertically or 1s branched like the metal tube or a
telecommunication cable currently buried in the ground.

BACKGROUND OF THE INVENTION

Usually, 1n the ground, many metal pipes, such as a water
pipe, a gas pipe, and a drain pipe, or cables, such as a
telecommunication cable and an electric power cable, are
buried (hereafter, except for the conventional example por-
tion, these are named generically and 1t 1s only described as
buried metal).

A buried metal 1s not simply buried under the horizontal
direction or the perpendicular direction linearly.

A buried metal 1s crooked horizontally or vertically, or
branches, 1s 1n the state which crossed intricately mutually
and carried out congestion, and 1s buried.

Thus, since much buried metal 1s 1n the ground, for the
accident prevention by construction of other companies and
tor the eflicient control of maintenance of the buried metal
of one’s company, by un-excavating, the technology for
detecting the position (a horizontal position and the burial
depth) of 1n the ground buried metal 1s proposed.

As typical prior art for detecting the position of a buried
metal, there are a radar which searches underground, and an
clectromagnetic guidance pipeline detector called a pipe
locator.

The detection principle of a radar which searches in the
ground detects 1in the ground metal pipe by emitting an
clectric wave 1n the ground, receiving the retlective wave
from the metal pipe currently buried in the ground, and
performing signal processing and conversion to signals.

Since an electric wave 1s reflected from the face where
physical properties change, 1n the ground structures, such as
a metal pipe, a nonmetallic pipe, and a cave, can also be
detected by this method.

On the other hand, as shown 1 FIG. 6 (a)-(c¢), the
detection principle of the electromagnetic guidance pipeline
detector (brand name: pipe locator) of nonpatent document
1 1s as follows.

If an alternating current 1s sent through metal pipe 51
which 1s buried 1n the ground 30, a concentric circle-like
magnetic field (it 1s considered as magnetic ficld H) waill
occur centering on this metal pipe 51 (refer to FIG. 6 (b)).

Magnetic sensor 52a of the receiver which 1s on the
ground detects this magnetic field H, that magnetic field H
1s calculated, and induction voltage 1s calculated further.

The position of metal pipe 51 can be detected from the
position where this induction voltage serves as the maxi-
mum (FIG. 6 (¢)).

The burial depth of metal pipe 51 1s calculated from this
induction voltage.

Theretfore, the object detected 1s limited to the metal pipe
which has conductivity.
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Thus, the pipe locator 1s constituted by the receiver
provided with the transmitter for sending current through a
metal pipe, and the magnetic sensor which detects magnetic
field H generated when current flowed.

Furthermore, the method of sending current through a
metal pipe from a transmitter has two kinds, direct method
and a mduction method.

As shown 1n FIG. 7, in direct method, the transmitter 53
1s connected to the portion of metal pipe 51 exposed on the
ground, or transmitter 33 1s connected to the metal pipe 51
currently laid 1n the ground 50 via lead 54, and current is
sent.

In addition, the leak current which flows into the earth 50
from the metal pipe 51 1s constituted so that 1t may feedback
to a transmitter 53 through a earth 55.

On the other hand, as shown 1n FIG. 8, 1n induction
method, emitting an electric wave towards 1n the ground 50
from transmitter 33a which installed on the ground, gener-
ating a magnetic field and the current by electromagnetic
induction 1s sent through metal pipe 51 of 1n the ground 50
by non-contact.

The magnetic field by the generated induced current
receives with recerver 33 provided with magnetic sensor 53a
which 1s on the ground, and is detecting a position, burial
depth, etc. of the metal pipe currently buried from the
amplitude of the magnetic field component.

In direct method as shown 1in FIG. 7, since current can be
sent only through the metal pipe for detection, the value of
magnetic field H to generate also becomes large, and detec-
tion accuracy 1s good compared with an induction method.

However, 1n direct method, since a transmitter must be
directly connected to a metal pipe, it 1s hard to apply to the
metal pipe which does not have an exposed portion on the
ground.

On the other hand, as shown 1n FIG. 9, an alternating
current 1s sent through line buried metal body 61 as a method
of investigating the burial position and depth of line buried
metal body 61, detection coil 62 detects change of magnetic
field H which this generated, at least two burial detection
measuring methods were adopted, and i1t applied for the
invention which amended detection measured value based
on the measurement result by these previously (patent
documents 1).

Hereafter, this 1s explained.

As shown 1n FIG. 9, line buried metal body 61 sufliciently
long 1n the shape of a straight line 1s laid under the position
of perpendicular distance vy from detection coil 62, and 1t 1s
assumed to this line buried metal body 61 that the current of
I sin (wt) 1s flowing.

Then, when detection coil 62 parallel to surface of the
carth has been arranged near right above this line buried
metal body 61, generally electromotive force Eh induced by
detection coil 62 1s expressed with a following formula (1).

Eh=k{(»)/(x2+y2) Ho sin(w?) (1)

Here, x 1s the horizontal distance from right above line
buried metal body 61 to detection coil 62, and k 1s a fixed
number which becomes settled with detection coil 62.

From the above-mentioned formula (1), electromotive
force Eh becomes the maximum 1n a right above line buried
metal body 61 position, and the value 1s proportional to the
current which flows through line buried metal body 61, and
1s 1n 1mverse proportion to perpendicular depth v.

Then, as a method of measuring burial depth v of line
buried metal body 61, when detection coil 62 1s horizontally
moved from a right above line buried metal body 61 position
(x=0), electromotive force E0 induced by detection coil 62
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1s expressed with a following formula (2) that what 1s
necessary 1s just to substitute x=0 for the above-mentioned
formula (1).

EO=k{(1y)}w sin(o?) (2)

Subsequently, after moving only distance x horizontally
(x direction) from the right above position (x=0) of the line
buried metal body 61, electromotive force Ey induced by
detection coil 62 1s set to one half of electromotive force E0
expressed with the above-mentioned formula (2) 1s calcu-
lated.

As a result, horizontal displacement distance x from the
right above position (x=0) of the line buried metal body 61
becomes equal to burial depth .

Therelore, 1t can calculate for burial depth vy of line buried
metal body 61 by measuring horizontal displacement dis-
tance x to which detection coil 62 was moved.

As other methods of measuring burial depth y of line
buried metal body 61,

After moving detection coil 62, detecting a depth mea-
surement signal separately and removing the peak value and
the minimum value within predetermined time, the detection
value of others which remain 1s averaged and 1t 1s considered
as the depth measured value which calculates this averaged
value.

PRIOR ART DOCUMENTS

Patent Documents

|Patent documents 1]
JP,2006-284386,A

Non Patent Document

[ Nonpatent document 1]

Domestic magazine “Piping, a device and plant art”, Vol. 31,
No. 6, page. 4-6, title “present condition of burial inquiry
art” Nagashima Shingo work

DESCRIPTION OF THE INVENTION

Problem(s) to be Solved by the Invention

In the detection method of the burnied metal currently
indicated by nonpatent document 1, the length of the buried
metal tube 1s premised on being unlimited length and being,
a straight line-form.

Therefore, when the buried metal pipe 1s limited length
and a curved part and a branch part exist, when the buried
metal pipe and other buried metal pipes, etc. cross or carry
out congestion in the ground, under the influence of other
buried metal pipes, a secondary induced magnetic field and
the 3rd induced magnetic field occur. These mnduced mag-
netic fields caused an error of measurement, and there was
a problem that the position of the buried metal pipe which
1s made into the purpose could not be measured correctly.

The line buried metal body detection method of the
indication to patent documents 1 for which the inventor etc.
applied, and the method of the indication to the above-
mentioned nonpatent literature 1 are the same.

It 1s premised on line buried metal body 61 being infinite
length, and being a straight line-like 1n these methods.

Then, when line buried metal body 61 leading to an error
of measurement 1s limited length and a curved part and a
branch part exist, when line buried metal body 61 crosses or
carries out congestion 1n the ground, although the cause of
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the error of measurement was reduced by adopting two
burial depth measuring methods and controlling the induced

magnetic field generated under the influence of other buried
metal bodies, this method was not necessarily enough for
control of an error ol measurement.

Moreover, when the curved part and branch part which are
singular points exist in line buried metal body 61, 1n these
singular points, since the main axis of line buried metal body
61 changes, direction of magnetic field H also changes to it.

Since the position of line buried metal body 61 1s judged
with the amplitude of the magnetic field component by
which magnetic field H was compounded, that distinction
which the state of line buried metal object 61 1s 1n the state
(an over-crossing state) which looked up 1n the direction of
surface of the ground (y direction), i1t 1s 1n the state (an
under-crossing state) which declined to the y direction, or 1t
1s a branched state, cannot be performed.

Thus, there was a problem that distinction of the singular
pomnt (an over-crossing state, an under-crossing state, a
branched state) of what kind of state could not be performed.

If line buried metal bodies 61 were a telecommunication
cable, an electric power cable, etc., the magnetic field by
various kinds of current which 1s flowing into these cables
occurred, and this caused an error of measurement.

This mvention relates to the detection method and 1ts
detection device of a buried metal aiming at solving the
above-mentioned problem.

According to this invention, the position and singular
point (the crookedness part and the branch part) of buried
metal which are 1 the ground can be detected.

It can be distinguished whether these singular points are
in the state (over-crossing state) which looked up vertical
direction, or in the state (under-crossing state) which look
down vertically, or it 1s a branched state.

Means for Solving the Problem

A detection method of the buried metal which detects
buried metal by sending an alternating current through
buried metal from a transmitter, and detecting the magnetic
field generated by the alternating current which tlows into
this buried metal with the magnetic sensor of a receiver,
including;:
the receiver consists of two or more magnetic sensors
installed 1 the direction to detectable the magnetic field
component of the direction of XYZ axes, respectively,

a detector which detects the magnetic field component of the
direction of the XY Z axes detected with the magnetic sensor,
respectively,

a CPU which has the function to perform signal processing
cach amplitude and each phase of the magnetic field com-
ponent of the direction of 3 axes,

a display which displays the result which carried out signal
processing by this CPU, the detector calculates for each
phase of the magnetic field component of the direction of the
XYZ axes, from the magnetic field by synchronous detec-
tion using the transmitted signal of the transmitter for
sending an alternating current through the buried metal as a
reference signal,

the CPU creates image data which expresses magnetic field
distribution of an XYZ axis component, about a magnetic
field component of an XYZ axis, respectively by carrying
out 1mage processing of each amplitude and each phase of
a magnetic field component of the direction of 3 axes,

the 1image data 1s outputted to the display, while calculating
tor the position of the singular point from each amplitude of
the 1mage data, and




US 9,939,546 B2

S

this singular point 1s determined whether 1t 1s an over-
crossing state or 1t 1s an under-crossing state from the phase
of the image data of an X-axis component and the phase of
the 1image data of a Y-axis component 1n this singular point,
and 1t 1s determined from at least one 1image data of the XY Z
axis component in the singular point whether 1t 1s an
branched state.

The recerver 1s installed apart from the magnetic sensor
installed 1n the direction which can detect the magnetic field
component of the direction of the X-axis, and it has the 2nd
magnetic sensor installed 1n the direction which can detect
the magnetic field component of the direction of the X-axis,
the detector detects the 2nd magnetic field component of the
direction of the X-axis detected with the 2nd magnetic
SENsor,

the CPU calculates for the amplitude and the phase of the
2nd magnetic field component of the direction of the X-axis,
respectively,

and 1t calculates for the depth of the singular point from the
amplitude and the phase of the 2nd magnetic field compo-
nent of the direction of the X-axis, and the amplitude and the
phase of the (1st) magnetic field component of the direction
of the X-axis,

the display shows the depth of the singular point.

A detection device of the buried metal which detects the
buried metal by sending an alternating current through the
buried metal from a transmitter, and detecting the magnetic
field generated by the alternating current which tflows into
this buried metal with the magnetic sensor of the recerver,
the 1nvention comprising;
the receiver consists of two or more magnetic sensors
installed 1 the direction to detectable the magnetic field
component of the direction of XYZ axes, respectively,
the detector which detects the magnetic ﬁeld component of
the direction of the XYZ axes detected with the magnetic
sensor, respectively,
the CPU which has the function to perform signal processing,
of each amplitude and each phase of a magnetic field
component of the direction of the XYZ axes,
the di splay which displays the result which carried out signal
processing by this CPU,
the detector has the function to calculate for each phase of
the magnetic field component of the direction of the XYZ
axis, from the magnetic field, respectively, by synchronous
detection using the transmitting signal of the transmitter for
sending an alternating current through the buried metal as a
reference signal, and
the CPU has the function which creates 1image data which
expresses magnetic field distribution of an XYZ axis com-
ponent, about a magnetic field component of an XY Z axis,
respectively by carrying out image processing of each
amplitude and each phase of a magnetic field component of
the direction of the XYZ axes,
the function which outputs the 1mage data to the display,
the function which calculating for the position of the sin-
gular point from each amplitude of the image data, and
the Tunction which this singular point 1s determined whether
it 1s an over-crossing state or 1t 1s an under-crossing state
from the phase of the image data of an X-axis component
and the phase of the image data of a Y-axis component in this
singular point, and the function which 1t 1s determined from
at least one 1mage data of the XYZ axis component in the
singular point whether it 1s an branched state.

The recerver 1s 1nstalled apart (constant distance) from the
magnetic sensor installed 1n the direction which can detect
the magnetic field component of the direction of the X-axis,
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and 1t has the 2nd magnetic sensor installed 1n the direction
which can detect the magnetic field component of the
direction of the X-axis,

the detector has the function to detect the 2nd magnetic field
component of the direction of the X-axis detected with the
2nd magnetic sensor,

the CPU has the function to calculate for the amplitude and
the phase of the 2nd magnetic field component of the
direction of the X-axis, respectively,

and the function to calculate for the depth of the singular
point from the amplitude and the phase of the 2nd magnetic
field component of the direction of the X-axis, and the
amplitude and the phase of the (1st) magnetic field compo-
nent of the direction of the X-axis,

the display has a function which displays the depth of the
singular point.

Eftect of the Invention

Since the ivention of the present disclosure was consti-
tuted as mentioned above, while being able to pinpoint the
position ol the singular point, it can be distinguished
whether this singular point 1s an over-crossing state, 1t 1s an
under-crossing state, or it 1s a branched state.

Since 1t can indicate whether a singular point 1s an

over-crossing state, 1t 1s an under-crossing state, or it 1s a
branched state clearly, specification and distinction of the
position of a singular point become still easier.

Moreover, 1n the mvention according to the present dis-
closure, the depth of the singular point can be measured.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 shows the embodiment of this invention and 1s the
block diagram of receiver 2 of detection device 1 of the
buried metal by this invention.

FIGS. 2A-2C show the embodiment of this invention and
the magnetic field distribution 1n the case of measuring the
portion where a buried pipe 1s an over-crossing state by
using detection device 1 of the buried metal by this mven-
tion, FIG. 2A shows distribution of the magnetic field
component of the direction of the X-axis, FIG. 2B shows
distribution of the magnetic field component of the direction
of the Y-axis, and FIG. 2C shows distribution of the mag-
netic field component of the direction of the Z-axis.

FIGS. 3A-3C show the embodiment of this invention and
the magnetic field distribution 1n the case of measuring the
portion where a buried pipe 1s an under-crossing state by
using detection device 1 of the buried metal by this inven-
tion, FIG. 3A shows distribution of the magnetic field
component of the direction of the X-axis, FIG. 3B shows
distribution of the magnetic field component of the direction
of the Y-axis, and FIG. 3C shows distribution of the mag-
netic field component of the direction of the Z-axis.

FIGS. 4A-4C show the embodiment of this invention and
the magnetic field distribution 1n the case of measuring the
portion where a buried pipe 1s a branched state by using
detection device 1 of the buried metal by this invention, FIG.
4A shows distribution of the magnetic field component of
the direction of the X-axis, FIG. 4B shows distribution of the
magnetic field component of the direction of the Y-axis, and
FIG. 4C shows distribution of the magnetic field component
of the direction of the Z-axis.

FIGS. SA-5C show the embodiment of this invention and
change of the phase graphed about each phase of the

component of X, Y and the Z-axis, respectively, FIG. 5A 1s
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an over-crossing state, in the case of Y=0.58, FIG. 3B 1s an
under-crossing state, 1n the case of Y=0.8, FIG. 5C 15 a
branched state.

FIG. 6 shows a conventional example and 1s a mimetic
diagram showing the detection principle of an electromag-
netic guidance pipeline detector (pipe locator).

FIG. 7 shows a conventional example and 1s a mimetic
diagram showing the transmission method of the current by
the direct method of an electromagnetic guidance pipeline
detector (pipe locator).

FIG. 8 shows a conventional example and 1s a mimetic
diagram showing the transmission method of the current by
the induction method of an electromagnetic guidance pipe-
line detector (pipe locator).

FIG. 9 shows a conventional example and 1s a mimetic
diagram of the buried metal object exploration equipment
which the inventor has filed previously.

THE FORM FOR INVENTING

In the detection method of the buried metal which detects
buried metal by sending an alternating current through
buried metal from a transmitter, and detecting the magnetic
field generated by the alternating current which flows into
this buried metal with the magnetic sensor of a receiver,
the receiver consist of two or more magnetic sensors
installed 1n the direction to detectable of the magnetic field
component of the direction of 3 axes, namely the XY Z axes,
respectively,

a detector which detects the magnetic field component of the
direction of 3 axes detected with the magnetic sensor,
respectively,

a CPU which has the function to perform signal processing
cach amplitude and each phase of the magnetic field com-
ponent of the direction of 3 axes,

a display which displays the result which carried out signal
processing by this CPU, the detector calculates for each
phase of the magnetic field components of the directions of
3 axes, namely the XYZ axes, from a magnetic field,
respectively, by synchronous detection using the transmit-
ting signal from the transmitter for sending an alternating
current through buried metal as a reference signal,

the CPU creates image data about the magnetic field com-
ponent of a XYZ axis, respectively by carrying out image
processing of each amplitude and each phase of a magnetic

field component of the direction of 3 axes,
these 1mage data 1s outputted to the display and while
calculating for a position of a singular point from these
image data,

This singular point 1s determined whether 1t 1s an over-
crossing state, it 1s an under-crossing state, or it 1s a branched
state.

Embodiment 1

The embodiment of this invention 1s explained 1n detail
based on FIGS. 1, 2A-2C, 3A-3C, and 4A-4C.

FIGS. 1, 2A-2C, 3A-3C, and 4A-4C show the embodi-
ment of this mvention, and FIG. 1 1s a block diagram of

receiver 2 of detection device 1 of the bunied metal by this
invention.

FIGS. 2A-2C show the magnetic field distribution in the
case ol measuring the portion where a buried pipe 1s an
over-crossing state by using detection device 1 of the buried
metal.
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FIGS. 3A-3C show the magnetic field distribution in the
case of measuring the portion where a buried pipe 1s an
under-crossing state by using detection device 1 of the

buried metal.
FIGS. 4A-4C show the magnetic field distribution in the
case ol measuring the portion where a buried pipe 1s a

branched state by using detection device 1 of the buried
metal.

In these figures, FIGS. 2A, 3A and 4A show magnetic

field distribution of the magnetic field component (it 1s
hereafter described as an X-axis component.) of the direc-
tion of the X-axis, FIGS. 2B, 3B, and 4C show magnetic

field distribution of the magnetic field component (it 1s
hereafter described as a Y-axis component.) of the direction

of the Y-axis, and FIGS. 2C, 3C, and 4C show magnetic field

distribution of the magnetic field component (it 1s hereafter
described as a Z-axis component.) of the direction of the
/-axi1s, respectively.

FIGS. 5A-5C show change of the phase graphed about
cach phase of the component of X, Y and the Z-axis,

respectively, FIG. 5A 1s an over-crossing state, in the case of
Y=0.38, FIG. 5B 1s an under-crossing state and, in the case
of Y=0.8, FIG. 5C 1s a branched state, in the case of Y=0.

In FIG. 1, detection device 1 of buried metal 1s constituted
by the transmitter and the receiver.

The transmitter sends alternating current through metal
buried pipes (it 1s hereafter described as buried metal.), such
as a water pipe, a gas pipe, a drain pipe, a communication
cable, and an electric power cable buried in the ground, the
receiver detects the magnetic field guided to buried metal by
this transmitter, and detects a singular point.

This recerver 2 consists of the magnetic sensor 3 (34, 35,
3c, 3d), the I/V converter 4 (da, 4b, 4¢c, 4d), the 1st amplifier
5 (85a, 3b, 5¢, 5d), the band path filter 6 (6a, 6b, 6c, 6d),
the 2nd amplifier 7 (7a, 7b, Tc, 7d), the optical recerver 11,
a filter 12, the phase adjustment machine 13, the square
wave converter 14, the detector 21 (21a, 215, 21c¢, 21d), the
low pass filter 22 (22a, 225, 22¢, 22d), DC amplifier 23 (23a,
23b, 23c, 23d), A/D converter 24 (24a, 24b, 24c, 24d),
CPU31, display 32, and a switch 33.

Magnetic sensor 3 (3a, 3b, 3¢, 3d) 1s a coil, and 1s detected
the current flowing through the coil as the induced electro-
motive force generated 1n this coail.

In order to make detection of a singular point easy by
detecting the magnetic field guided to a buried metal in three
dimensions, the magnetic sensor 3 comprises magnetic
sensor 3a for X-axis component detection, magnetic sensor
3b for Y-axis component detection and magnetic sensor 3¢
for Z-axis component detection.

In this embodiment, in order to measure the depth of a
singular point, magnetic sensors 3d for the 2nd X-axis
component detection 1s 1installed apart from the coil of
magnetic sensor 3a, and the coil of this magnetic sensor 3d
1s 1nstalled i the direction which can detect the magnetic
field component of the direction of the X-axis.

In order to measure the depth of a buried metal, 1t 1s
necessary to measure the amplitude of the X-axis at two
points separated constant distance.

The X-axis shows a right-angled direction to a buned
metal.

That 1s, the X-axis shows a right-angled direction to the
current which flows into a buried metal, and a parallel
direction 1s shown to surface of the ground.

The Y-axis shows a parallel direction to a buried metal.

T'hat 1s, the Y-axis shows the direction of current through
which 1t tlows into buried metal, and a direction parallel to
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surface of the earth 1s shown, and the Z-axis shows a
direction perpendicular to surface of the earth.

In this embodiment, detector 21 1s an analog switch.

In order to perform the below-mentioned synchronous
detection, the receiving circuit of each axis (the X-axis,
Y-axis, Z-axis) from magnetic sensor 3 to A/D converter 24
in receiver 2 1s constituted so that the amplitude character-
1stic, a frequency characteristic, and the phase characteristic
may become equal.

Next, operation and movement at the time of searching for
a singular point using detecting device 1 of a buried metal
1s explained in detal.

First, in FIG. 1, an alternating current i1s sent through
buried metal with the transmitted signal from a transmitter.

When a portion of buried metal 1s exposed to the ground,
an alternating current may be sent through a buried metal by
direct method.

That 1s, the output of a transmitter 1s directly connected to
this exposed portion, an alternating current may be sent
through a buried metal.

When the buried metal 1s not exposed to the ground at all,
an alternating current may be sent through a buried metal by
induction method.

That 1s, an alternating magnetic field 1s generated from the
transmitter installed on the ground, and an alternating cur-
rent may be sent through a buried metal 1n the ground in
non-contact manner by electromagnetic induction.

This embodiment explains the case where an alternating
current 1s sent through a buried metal by induction method.

While receiver 2 detects the magnetic field generated by
the alternating current which 1s flowing into the buried metal
for every magnetic field component of each axis with
magnetic sensor 3 (3a, 3b, 3¢, 3d), and synchronous detec-
tion 1s performed by 1putting the transmitting signal from
the transmitter for sending an alternating current through a
buried metal into the detector of a receiver as a reference
signal. By this synchronous detection, CPU32 of receiver 2
calculates for the amplitude and the phase of a magnetic field
component of each axis generated from the buried metal.

The magnetic field distribution and the depth of buried
metal 1s calculated from the amplitude and the phase of a
magnetic field component of each axis, the magnetic field
distribution and the depth of buried metal 1s outputted to
display 33.

A singular point 1s detected based on the magnetic field
distribution of the magnetic field component of each axis
and the depth of buried metal which were outputted to
display 33.

Here, the example of the X-axis component of the mag-
netic field generated from the buried metal 1s explained in
detaul.

An alternating current i1s sent through buried metal with
the transmitted signal from a transmitter.

The magnetic field guided to buried metal by this alter-
nating current induces induced electromotive force in the
coil of magnetic sensor 3a 1nstalled 1n the direction of the
X-axis.

The current which flows 1nto the coil of magnetic sensor
3a according to this imnduced electromotive force 1s con-
verted 1nto voltage with 1/V converter 4a.

Next, the output of IV converter 4a 1s amplified with the
1st amplifier 5a, and 1s removed an unnecessary frequency
component with band path filter 6a, and 1s amplified again
with the 2nd amplifier 7a.

On the other hand, the transmitted signal from a trans-
mitter 1s iputted into optical receiver 11 as a reference
signal via an optical cable (not shown) 1n this embodiment.
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The reference signal mputted into optical receiver 11
removes a noise component with filter 12, performs phase
adjustment with phase adjustment machine 13, and converts

it into a rectangular wave with rectangular wave converter
14.

The reason for performing phase adjustment of the reif-
erence signal needs to unite the phase of an incoming signal
and the reference signal, 1n order to carry out synchronous
detection.

In an induction method and direct method, a phases of the
current which flows into buried metal are different 90
degrees, and a phase changes with the impedance of buried
metal.

The signal of the X-axis component amplified with the
2nd amplifier 7a 1s detected by switching the analog switch
of detector 21a by the reference signal converted into the
rectangular wave with rectangular wave converter 14, and 1s
removed a higher harmonics component of the signal by low
pass filter 22a, and 1s extracted.

After this extracted signal of X-axis component 1s ampli-
fied with DC amplifier 23q, 1t 1s converted into a digital
signal with A/D converter 24q, and 1s mputted into CPU31.
CPU31 performs signal processing of the signal of X-axis
component, and calculates for the amplitude and the phase
of X-axis component.

Magnetic field distribution of X-axis component 1s cal-
culated from the amplitude and the phase of X-axis com-
ponent, and 1s outputted to display 32.

About Y-axis component as well as the example of X-axis
component, an alternating current 1s sent through buried
metal with the transmitted signal from a transmitter. The
magnetic field gmded to burnied metal by this alternating
current induces induced electromotive force in the coil of the
magnetic sensor 36 installed in the direction of the Y-axis.

The current which flows 1nto the coil of magnetic sensor
3b according to this imnduced electromotive force 1s con-
verted 1nto voltage with 1/V converter 4b.

Next, the output of I/V converter 45 1s amplified with the
1st amplifier 556, and 1s removed an unnecessary frequency
component with band path filter 65, and 1s amplified again
with the 2nd amplifier 75.

This signal of Y-axis component 1s detected with detector
216 by the reference signal converted into the rectangular
wave with rectangular wave converter 14, and 1s removed a
higher harmonics component of the signal by low pass filter
225b, and 1s extracted.

After this extracted signal of Y-axis component 1s ampli-
fied with DC amplifier 235, 1t 1s converted into a digital
signal with A/D converter 245, and 1s mputted into CPU31.
CPU31 performs signal processing of the signal of Y-axis
component, and calculates for the amplitude and the phase
of Y-axis component.

Magnetic field distribution of Y-axis component 1s calcu-
lated from the amplitude and the phase of Y-axis component,
and 1s outputted to display 32.

About Z-axis component as well as the examples of
X-axis and Y-axis component, the magnetic field guided to
buried metal induces induced electromotive force 1n the coil
of magnetic sensor 3¢ 1nstalled 1n the direction of the Z-axis.

The current which flows into the coil of magnetic sensor
3¢ according to this induced electromotive force 1s con-
verted 1nto voltage with 1/V converter 4c.

Next, the output of I/'V converter 4¢ 1s amplified with the
1st amplifier 3¢, and 1s removed an unnecessary frequency
component with band path filter 6¢, and 1s amplified again
with the 2nd amplifier 7c.
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This signal of Z-axis component 1s detected with detector
21¢ by the reference signal converted into the rectangular
wave with rectangular wave converter 14, and 1s removed a
higher harmonics component of the signal by low pass filter
22¢, and 1s extracted.

After this extracted signal of Z-axis component 1s ampli-
fied with DC amplifier 23¢, 1t 1s converted into a digital
signal with A/D converter 24c¢, and 1s mputted imnto CPU31.
CPU31 performs signal processing of the signal of Z-axis
component, and calculates for the amplitude and the phase
of Z-axis component.

Magnetic field distribution of Z-axis component 1s calcu-
lated from the amplitude and the phase of Z-axis component,
and 1s outputted to display 32.

The 2nd X-axis component 1s the same as the above, and
the magnetic field guided to buried metal induces mduced
clectromotive force 1n the coil of magnetic sensors 3d for the
2nd X-axis component detection.

This coil of magnetic sensor 3d 1s installed apart from the
coil of magnetic sensor 3a, and 1s installed 1n the direction
which can detect the magnetic field of the direction of the
X-axis.

The current which flows 1nto the coil of magnetic sensors
3d according to this imnduced electromotive force 1s con-
verted into voltage with 1/V converter 44d.

Next, the output of I/'V converter 44 1s amplified with the
1st amplifier 5d, and 1s removed an unnecessary frequency
component with band path filter 64, and 1s amplified again
with the 2nd amplifier 7d.

This signal of the 2nd X-ax1s component 1s detected with
detector 21d by the reference signal converted into the
rectangular wave, and 1s removed a higher harmonics com-
ponent of the signal by low pass filter 224, and 1s extracted.

After this extracted signal of the 2nd X-axi1s component 1s
amplified with DC amplifier 23d, it 1s converted mto a
digital signal with A/D converter 244, and 1s mputted into
CPU31.

CPU31 performs signal processing of the signal of the
2nd X-axis component and X-axis component, and calcu-
lates for the depth of singular point, and outputs 1t to display
32.

In this embodiment, the reference signal 1s transmitted
with the optical cable, but 1s not limited to this.

For example, the reference signal may be transmitted by
radio.

In this embodiment, synchronous detection has realized
by the switching the analog switch of detector 21 with the
reference signal converted 1nto the rectangular wave, but 1s
not limited to this.

For example, detector 21 1s used as the analog multiplier
instead of an analog switch, and the composition of rectan-
gular wave converter 14 1s excluded, and synchronous
detection may be realized by integrating by the multiplier of
detector 21 the reference signal of a sine wave.

In this embodiment, since it 1s necessary to measure the
amplitude of the X-axis about two separated points 1n order
to measure depth, although the system from magnetic sensor
3 of recerver 2 to A/D conversion machine 24 1s considering
it as four lines (two lines for the direction of the X-axis, one
line for the direction of the Y-axis, and one line for the
direction of the Z-axis), 1t 1s not limited to this.

The direction of the X-axis, the direction of the Y-axis,
and the direction of the Z-axis may constitute in three lines
as every one line, respectively.

Next, the inventor experimented using detecting device 1
of the buried metal by this invention for detecting a singular
point.
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As form of an buried pipe, 1t experimented about the three
cases as follows.

(1) over-crossing states, (2) under-crossing states, (3)
branched states,

First, the form of the buried metal used for the experiment
1s explained.

The shape of buried metal 1s the buried pipe formed 1nto
the shape of a straight line long enough, and 1s buried under
the depth of 1 [m] from surface of the earth.

In this embodiment, this buried pipe 1s made nto an
example and indicated.

(1) Over-Crossing State;

The central part of a buried pipe 1s formed 1nto the shape
ol a singular point (an over-crossing state).

The portion of the over-crossing state which 1s a singular
point has 0.5 [m] stood up from the buried pipe, and it 1s
formed so that the depth may be set to 0.5 [m] and length
may be set to 1 [ml].

The length of portions other than the singular point of an
buried pipe was considered as each right and left 1,000,000
Im].

The reason for having made the length of portions other
than a singular point into the above-mentioned value 1s for
considering 1t as infimite length calculatively.

(2) A under-crossing state and (3) branched states are also
the same.
(2) Under-Crossing State;

The central part of a buried pipe 1s formed nto the shape
of a singular point (under-crossing state) like the case of the
above-mentioned (1) over-crossing state.

The portion of the under-crossing state which 1s a singular
point has 0.5 [m] dropped from the buried pipe, and 1t 1s
formed so that the depth may be set to 1.5 [m] and length
may be set to 1 [ml].

The length of portions other than the singular point of an
buried pipe was considered as each right and left 1,000,000
Im|.
(3) Branched State;

The central part of a buried pipe 1s formed nto the shape
of a singular point (branched state) like the case of the
above-mentioned (1) over-crossing state and (2) under-
crossing states.

The portion of the branched state which 1s a singular point
has branched 1n the same depth as an buried pipe, and 1t 1s
formed so that length may be set to 10 [m)].

The length of portions other than the singular point of an
buried pipe was considered as each right and left 1,000 [m)].

Next, an experimental result 1s explained using FIGS.
2A-2C, 3A-3C, 4A-4C, and 5A-5C.

About the buried pipe which has a singular point of
above-mentioned (1)-(3), the mventor experimented using
the detecting device of the buried metal by this invention,
and detected the singular point.

FIGS. 2A-2C, 3A-3C, and 4A-4C show an experimental
result, and show magnetic field distribution of the magnetic
field component of each axis (X, Y, 7).

FIGS. SA-5C are graph of the change 1n each phase of the
magnetic field component of each axis, respectively, FIG.
5A shows over-crossing state, FIG. SB shows under-cross-
ing state, and FIG. 5C shows branched state.

(1) Over-Crossing State;

In FIGS. 2A-2C, a vertical axis and a horizontal axis show
the distance from the center of an buried pipe, 1.€., the center
of the portion of the over-crossing state which 1s a singular
point, the vertical axis 1s the direction of the X-axis [m], and
the horizontal axis 1s the direction of the Y-axis [m].
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FIGS. 2A-2C show magnetic field distribution and, FIG.
2A 15 the X-axis component, FIG. 2B 1s the Y-axis compo-
nent and FIG. 2C 1s the Z-axis components, respectively.

In FIGS. 2A-2C, the position of the center of the portion
of the over-crossing state which 1s a singular point can be
distinguished to some extent.

Especially the magnetic field pattern in magnetic field
distribution of the Y-axis component of FIG. 2B 1s very
characteristic, and the position of the center of a singular
point 1s displayed clearly,
the position of coordinates where a Y-axis component serves
as a peak 1s set to X=x0.42 and Y==0.58.

When the level of a peak 1s compared with the X-axis just
above an buried pipe, in an over-crossing state, it becomes
about 0.14, and 1s about 0.035 1n the under-crossing state
mentioned later.

As shown 1n FIG. 2A, the length of the strong portion of
a magnetic field 1s about £0.5 [m] (namely, about 1 [m])
from the center, and can presume about the length of the
portion which 1s an over-crossing state from this.

(2) Under-Crossing State;

In FIGS. 3A-3C, almost like the case of an over-crossing
state, the vertical axis and the horizontal axis show the
distance from the center of an buried pipe, 1.¢., the center of
the portion of the under-crossing state which 1s a singular
point, the vertical axis 1s the direction of the X-axis [m], and
the horizontal axis 1s the direction of the Y-axis [m].

FIGS. 3A-3C show magnetic field distribution, and FIG.
3A 1s an X-axis component, FIG. 3B 1s a Y-axis component
and FIG. 3C 1s a Z-axis components, respectively.

In FIG. 3A-3C, the position of the center of the portion of
the under-crossing state which 1s a singular point can be
distinguished to some extent.

Especially the magnetic field pattern of magnetic field
distribution of the Y-axis component of FIG. 2B 1s very
characteristic, and the position of the center of a singular
point 1s displayed clearly,
the position of coordinates where a Y-axis component serves
as a peak 1s set to X==0.71 and Y==x0.80.

As shown 1n FIG. 3A, the length of the portion to which
the magnetic field 1s weak 1s about £0.5 [m] (namely, about
1 [m]) from the center, and outline presumption 1s possible
for the length of the portion which 1s a under-crossing state

from thus.

Here, when the result of (1) over-crossing state shown in
FIGS. 2A-2C and (2) under-crossing states shown in FIGS.
3A-3C 1s compared, there 1s an interesting point.

If magnetic field distribution of (a) X-axis component of
cach figure (FIGS. 2A and 3A) 1s compared, 1n the case of
the over-crossing state, the magnetic field around a singular
point 1s strong, and, in the case of the under-crossing state,
the magnetic field around a reverse singular point 1s weak.

It can be distinguished to some extent from such a
phenomenon whether a singular point 1s an over-crossing,
state or 1t 1s a under-crossing state by magnetic field distri-
bution of an X-axis component.

An 1nteresting point 1s magnetic field distribution of the
Y-axis component.

If magnetic field distribution of (b) Y-axis component of
cach figure (2 figures and 3 figures) 1s compared, the pattern
of the magnetic field 1n magnetic field distribution 1s very
alike, but 1t 1s a point used as a reverse phase in an
over-crossing state and a under-crossing state.

Therefore, 1n magnetic field distribution of the Y-axis
component, by investigating the phase of the Y-axis on the
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basis of the X-axis, a singular point can be distinguished
whether 1t 1s an over-crossing state or 1t 1s a under-crossing
state.

(3) Branched State;

As shown 1n FIGS. 4A-4C, almost like the case of an
over-crossing state and a under-crossing state, the vertical
axis and the horizontal axis show the distance from the
center ol an buried pipe, 1.¢., the center of the branched state
which 1s a singular point, the vertical axis 1s the direction of
the X-axis [m], and the horizontal axis 1s the direction of the
Y-axis [m].

FIGS. 4A-4C show magnetic field distribution, and FIG.
4A 1s a X-axis component, FIG. 4B 1s a Y-axis component,
and FIG. 4C 1s a Z-axis components.

FIGS. 4A-4C, the position of the center of a branched
state and the direction of the burnied pipe of a branched state
which 1s a singular point can be distinguished to some
extent.

Especially the magnetic field pattern in magnetic field
distribution of the Y-axis component of FIG. 4B 1s very
characteristic, and direction of the position of the center of
a singular point and the direction of the buried pipe of a
branched state 1s displayed clearly.

In FIG. 5C, the Y-axis component of a magnetic field does
not change by right and left of the buried pipe.

INDUSTRIAL APPLICABILITY

This invention can detect buried metal, such as metal
pipes, such as a water pipe, a gas pipe, and a drain pipe
currently buried in the ground, or a telecommunication
cable, and an electric power cable.

This invention 1s broadly applicable also to detection of
the steel rod, a steel frame, etc. of a building, and detection
of the bomb currently buried 1n the ground for years.

DESCRIPTION OF NOTATTONS

1 Detection Device of Burial Metal
2 Receiver

3 (3a, 3b, 3¢, 3d) Magnetic sensor
21 (21a, 215, 21c, 21d) Detector
31 CPU

32 Indicator

The mvention claimed 1s:

1. A detecting method of buried metal which detects said
buried metal by sending an alternating current through
buried metal from a transmitter, and detecting the magnetic
field generated by the alternating current which flows into
said buried metal with the magnetic sensor of a receiver, the
detection method of buried metal comprising:

said receiver consists of two or more magnetic sensors
installed 1n the direction to detectable the magnetic
field component of the direction of XYZ axes, respec-
tively,

a detector which detects the magnetic field component of
said direction of XY Z axes detected with this magnetic
sensor, respectively,

a CPU which has the function to perform signal process-
ing each amplitude and each phase of the magnetic field
component of said direction of the XY Z axes,

a display which displays the result which carried out
signal processing by this CPU,

said detector calculates for each phase of the magnetic
field component of the direction of the XY Z axes, {from
said magnetic field by synchronous detection using the
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transmitted signal of the transmitter for sending an

alternating current through said buried metal as a

reference signal,
said CPU creates 1image data which expresses magnetic

field distribution of an XYZ axis component, about a

magnetic field component of an XY Z axis, respectively

by carrying out image processing of each amplitude
and each phase of a magnetic field component of said
direction of XYZ axes,
the 1mage data 1s outputted to said display, while calcu-
lating for the position of a singular point from each
amplitude of the image data, and
this singular point 1s determined whether 1t 1s an over-
crossing state or 1t 1s an under-crossing state from the
phase of the 1mage data of an X-axi1s component and the
phase of the image data of a Y-axis component 1n this
singular point, and 1t 1s determined from at least one
image data of the XY Z axis component 1n said singular
point whether 1t 1s an branched state.

2. The detecting method of buried metal of claim 1,
wherein said receiver 1s installed apart from a magnetic
sensor 1nstalled 1n the direction which can detect a magnetic
field component of the direction of the X-axis, and 1t has the
2nd magnetic sensor installed in the direction which can
detect the magnetic field component of the direction of the
X-axis,

said detector detects the 2nd magnetic field component of

the direction of the X-axis detected with said 2nd
magnetic sensor,
said CPU calculates for the amplitude and the phase of the
2nd magnetic field component of the direction of the
X-axis, respectively,

it calculates for the depth of said singular point from the
amplitude and the phase of the 2nd magnetic field
component of the direction of the X-axis, and the
amplitude and the phase of the magnetic field compo-
nent of the direction of the X-axis,

said display displays the depth of said singular point.

3. A detection device of buried metal which detects said
buried metal by sending an alternating current through the
buried metal from a transmitter, and detecting the magnetic
field generated by the alternating current which tflows into
said buried metal with the magnetic sensor of a receiver, the
detection device of buried metal comprising:

said recerver consists of two or more magnetic sensors

installed 1n the direction to detectable the magnetic
field component of the direction of XYZ axes, respec-
tively,

a detector which detects the magnetic field component of

said direction of XY Z axes detected with said magnetic
sensor, respectively,

16

a CPU which has the function to perform signal process-
ing of each amplitude and each phase of a magnetic
field component of said direction of the XYZ axes,

an display which shows the result which carried out signal

> processing by this CPU,
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said detector has the function to calculate for each phase
of the magnetic field component of the direction of the
XYZ axis, from said magnetic field, respectively, by
synchronous detection using the transmitting signal of
the transmitter for sending an alternating current
through said buried metal as a reference signal, and

said CPU has the function which creates image data
which expresses magnetic field distribution of an XY Z
axis component, about a magnetic field component of
an XYZ axis, respectively by carrying out image pro-
cessing ol each amplitude and each phase of a magnetic
field component of said direction of the XYZ axes,

the Tunction which outputs the image data to said display,

the function which calculating for the position of a

singular point from each amplitude of the 1image data,
and

the function which this singular point 1s determined

whether 1t 1s an over-crossing state or it 1s an under-
crossing state from the phase of the image data of an
X-axis component and the phase of the image data of
a Y-axis component in this singular point, and the
function which 1t 1s determined from at least one 1mage
data of the XYZ axis component in said singular point
whether 1t 1s an branched state.

4. The detection device of buried metal of claim 3, said
receiver 1s mstalled apart from the magnetic sensor installed
in the direction which can detect the magnetic field compo-
nent of the direction of the X-axis, and 1t has the 2nd
magnetic sensor installed 1n the direction which can detect
the magnetic field component of the direction of the X-axis,

said detector has the function to detect the 2nd magnetic

field component of the direction of the X-axis detected
with said 2nd magnetic sensor,

said CPU has the function to calculates for the amplitude

and the phase of the 2nd magnetic field component of
the direction of the X-axis, respectively,
and the function to calculate for the depth of said singular
point from the amplitude and the phase of the 2nd
magnetic field component of the direction of the
X-axis, and the amplitude and the phase of the mag-
netic field component of the direction of the X-axis,

said display has a function which displays the depth of
said singular point.
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